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CADD/GIS | CADD/GIS Technology Center

TEEHNDLDE? HEEMEH for facilities, infrastructure, and environment

for facilivies, infrastruce nd emiramment

e Originaly established asthe “ Tri-Service CADD/GIS Technology Center” in
1992 at the Army Waterways Experiment Station, Information Technology
L aboratory, Vicksburg, Mississippi .

« Established by the Army (including Army Corps of Engineers), Navy, and Air
Force (i.e, Tri-Services).

o Center’'s name changed to “CADD/GIS Technology Center for facilities,
Infrastructure, and environment” in July, 1999 to reflect a broader mission.

« CADD — Computer Aided Design & Drafting
» GIS - Geographic Information System



CADD/GIS | Participating DoD and
- .
TECHNOLOGY Sz CENTER Governmental Agencies

o Participating Department of Defense (DoD) and Federal
Government Agencies (as of January 2001):

« U.S.Army Corpsof Engineers

e US Army

« U.S. Navy

« U.S Air Force

« U.S Marines

« National Aeronautics and Space Administration (NASA)

o Defense Logistics Agency (DLA)

 U.S. Coast Guard

o General Services Administration (GSA)

« Nationa Institute of Building Sciences (NIBS)

« U.S. Environmental Protection Agency



CADD/GISFM Standards Data M odel

(Option 1 concept for initial incor poration of FM SFIE with SDSFIE & A/E/C
CADD Standards. Began with TSSDS/TSFM S Release 1.80, February 1999)

_ A/E/C CADD Standards Discipline
SDSFIE Entity Sets Codes

SDSFIE Entity Classes
SDSFIE Entity Types

SDSFIE Entities

Entity Classes

FMSFIE

A/E/C Modd File Type

A/E/C Level/Layer Description

A/E/C Symbol Name

SDSFIE Attribute Tables

FMSFIE Attribute Tables A/E/C Attribute Tables

Domain Tables &
Domain Values

CADD/GISFM Standards Compliant Database = One Integrated Relational Database Structure
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CAI_?;E"GIS R o ﬁ Part 3. Spatial Data Standards for facilities,
5z W infrastructure, & environment (SDSFIE)

for facilivies, infrastruce nd emiramment

* Provides astandard graphic and nongraphic (database) format and structure for
GIS implementations a Air Force, Army, Navy, and Marine Corps installations
and Army Corps of Engineers Civil Works activities. Also providesaGIS
standard for use by other Federal, State, and Local Government organizations,
public utilities; and private industry.

e Providesa“nonproprietary” standard designed for use with commercially
available“off-the-shelf” GIS and relational database software.

* Provides a GIS implementation schema for approved FGDC and DISA geospatial
related data standards.

* Provides agrouping of geographically referenced (geospatial) features (i.e.,
features which can be depicted graphically on amap at their geographic location
(coordinate). Each geospatial feature has an “attached” Attribute Table containing
pertinent data about the geospatial feature.

o Caled Tri-Service Spatial Data Standards (TSSDS) prior to July 1999. The
acronym SDS was used from July 1999 until January 2001.
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CADD/GIS « _ | Part 3. Facility Management Standards for
TECHNOLOGY = = CENTER  facilities, infrastructure, & environment (FMSFIE)

for facilivies, infrastruce nd emiramment

e Provides a standard database format and structure for “business’ and event data
(e.g., inspections, repairs) related to SDSFIE geospatial features and/or A/E/C
CADD objects, specifically for CADD/GIS Based implementations at Air Force,
Army, Navy, & Marine Corps installations and Army Corps of Engineers Civil
Works activities. Also provides a CADD/GIS Based FM standard for use by other
Federal, State, and Local Government organizations, public utilities; and private
industry.

« Providesa“nonproprietary” standard designed for use with commercially
available “ off-the-shelf” CADD, GIS, FM, and relational database software.

* Providesagrouping of related attribute tables containing “business and event data.

o Caled Tri-Service Facility Management Standards (TSFMYS) prior to July 1999.
The acronym FM S was used from July 1999 until January 2001.

o Thefirst FMSFIE release was included with the TSSDSTSFM S Release 1.80,
which was published on CD-ROM in February 1999. Releases 1.90 and 1.95 were
published on CD-ROM in December 1999 and April 2000, respectively. Release
2.00 was completed in January 2001.



CADD/GIS e © | Spatial Data Standards (SDSFIE) &
TECHNOLOGY S2CENTERL -~ F4jlity Management Standards

(FMSFIE) - Development History

e TSSDS Release 1.20 - November 1993.

e TSSDS Release 1.40 - August 1995.

e TSSDS Release 1.60 - November 1996.

e TSSDS Release 1.70 - August 1997.

e TSSDS Release 1.75 - January 1998.

e TSSDS/TSFMS Release 1.80 - February 1999.
e SDS/FMS Release 1.90 - December 1999

e SDS/FMS Release 1.95 - April 2000

e SDSFIE/FMSFIE Release 2.00 — January 2001

! Standards Releasa 1.90
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CADD/GIS | Spatial Data and Facility Management
TECHNOLOBY S CENTER. -~ grandards - Design Consider ations

for facilivies, infrastruce nd emiramment

 Must be compatiblewith the predominant Commer cially
Available CADD, GIS, & Relational Database Software.

e GISand CADD Software include:

— ESRI Arc/Info - Bentley MicroStation - ESRI ArcView
— Autodesk Map - Intergraph MGE - Autodesk AutoCAD
— Intergraph GeoMedia- Bentley GeoGraphics

* Relational Database Management System (RDBMS) Software

Includes.
—  ANSI Standard Structured Query Language (SQL)
— Informix SQL - Microsoft Access - ESRI SDE
— Oracle SQL - Microsoft SQL Server
o Operating Systems include:
— UNIX

— Windows 95, 98, 2000, and NT



Té:é“ﬁﬁéfgsvﬂnsmﬁ SDSFIE/FMSFIE DATA MODEL
o oAbl e e et | ORGANIZATION
e Entity Sets
o Entity Classes

Entity Types (Entities)
— SDSFIE Geospatial Features (i.e. map objects).

Attribute Tables

— Database Tables containing attributes (data about the SDSFle Geospatial
Features and FM SFI E data).

Domain Tables
— Common for SDSFIE, FMSFIE, A/E/C CADD Standards.



TECHNOLOGY S~ CENTER SDSFIE/FMSFIE Data Model
forfocltis, Infraseuctrs:and environment Organization
 Entity Sets-

» Broad grouping for data management purposes.
o Entity Classes-

» Grouping of data within each Entity Set for Data Management Purposes.
e Entity Types-

» Grouping of SDS Geospatial Features (i.e., items that appear graphically on a
map or drawing). Grouped within each Entity Class.

— Entities -

 |temsthat appear graphically on amap or drawing. Grouped within each
Entity Type. Each Entity Type may have one or more Entities.

e Attribute Tables -

» Relational database tables containing attribute data. Grouped within each
Entity Class.

e Domain Tables -

e Containslistsof “valid” or “permissible” values for specific attributesin an
Attribute Table.



CADD/GIS . | Size and Complexity -
TEEHNDLDG‘I’HEEMI‘EH
forfacites nfrasructurt araenronmen:—— SDSFIE/FMSFIE Release 2.000

Size and Complexity -
SDSFIE/SDSFIE Release 2.000

Fie e 26 Entity Sets
Enity Classes | 181 Entity Classes
L cnmyimes | 1,006 Entity Types
e | 5,453 Entities (CADD & CADD Based GIS)
s 1,014  Attribute Tables (Database Tables)
- | || 25844 Attributes (Fields in Tables
t e 059  Domain Tables (List & Range)
s D 21,542  List Domain Values
—  JonRelations [ 18 Range Domains
About Browsing by Stucture 8,149 Relational Database Join Relationships




CADD/GIS -
TECHNOLOGY -~ CENTER SDSFIE Entity Sets
for facilities, infrastruct ad environment

o Entity Sets (26 Themesin Release 2.000)

Auditory Fauna Soll

Boundary Flora Transportation
Buildings Future Projects Utilities
Cadastre Geodesy Visual
Climate Geology

Common Hydrography

Communications | mprovements

Cultural Landform

Demographics Land Status

Environmental Hazards Military Operations

Ecology Olfactory



CADD/GIS - -

Spatial Data Standards

TECHNOLOGY v‘“‘*" CENTER
for facitie, nfrastructure: and enviranment Data Model
DATA
HIERARCHY MGE ARC/INFO MicroStation AutoCAD
ENTITY SET TRANSPORTATION PROJECT PROJECT PROJECT PROJECT
LEVEL LEVEL LEVEL LEVEL
ENTITY CATEGORY
CLASS | TRANSPORTATION_VEHIC AND WORKsPACE | PESION PRAWING
DESIGN FILE FILE FILE
GROUP BY COVERAGE GROUP BY GROUP BY
ENTITY ROAD CENTERLINE
I FEATURES FILE LEVEL LAYER
TYPE
PRIMARY_ROAD_CENTERLINE_L- SELECTBY
SECONDARY_ROAD_CENTERLINEN FEATURE LEVEL LAYER
ENTITY ATTRIBUTE
TERTIARY_ROAD_CENTERLINE_L




CADD/GIS =

TECHNOLOGY = - CENTER ial D Data Model
PHNOLOGBY S2 -~ TER Spatial Data Standards Data Mode

Nalerzine

datalink: |100004
pipe_id: |ubwatpip000000536
map_id: [234
meta_id: |ubwatpip00000072
media_id: |ubwatpip000000
coord_id: (97394
date_acqrd: (137303818
dizpoztn_d: ’
use _d:
type_d:
mat_d:
size_d:

AL polywvingl chlonide [ 4]
REIMFORCOMCR | reinforced concrete
- |REIMNFPLASKMOR | reinforced plastic morkar
= . |SINGLE_CL&Y  single clay

nv_elv 15 1o GLETTILE single tie -
gnd_elry_1:

in¥_ely_2: |254
grnd_elv_2: 257
ely_ u d: |FT

M4l Record|1 [af 1

14




CADD/GIS Spatial Data Standards
TECHNOLOGY -~ CENTER Data Model

for facilities, infrastructe ad emviramment

Entity Set Entity Class Entity Type Attribute Domain
Utilities :‘ Water System
4 SDTS (FIPS 173) Data Model
Natural Gas
Wastewater :‘ Drain Sump

Grease Trap
Septic Tank ~——¥, Capacity
Age
Composition :‘ Concrete

Fiberglass

Steel




CADD/GIS . (EEm At :
TECHNOLOGY = ~CENTER SDSFIE/FMSFIE Organization — SDSFIE Entity
for facitities, fﬂfmwam;'mmrrmr i CIaSSGS

SDSFIE Entity Classes- Grouping of geographically
referenced (geospatial) features with “attached” Attribute Tables
(“graphic”) within an Entity Set.

SDSFIE Entity Point, line, or polygon
Type colors

symbols

SDSKFIE

Attribute Table

Attributes




e e s SDSFIE Entity Classes

for facilities, infrastruct nd emiramment i

# General logical grouping of features within an Entity
Set for data management purposes.

# Each entity class will be a separate map or drawing
file and corresponds to the following terms:
- GRASS (CERL): mapset
- MGE (Intergraph): category or design file
-~ ARC/INFO (ESRI): workspace
- MicroStation (Bentley): design file
— AutoCAD (Autodesk): drawing file



CADD/GIS

TE::HNDLDG?#GEME& SDSFIE Entity Classes

for facilities, iﬁmﬂﬂm ermiramment

» Since each entity class corresponds to amap file,

It can contain up 63 CADD layers (levels).

— The SDSFIE is designed to be CADD/GIS platform independent,
which means the standards are designed to work with the most

limiting of the predominant commercialy available CADD/GIS
platforms which will be used.

— MicroStation accepts up to 63 levels per map file.
— AutoCAD accepts an unlimited number of layers.



CADD/GIS

TEEHNDLDE?%EEMI‘EH_ | SDSFKIE Entity Types

for facilivies, infrastruce nd emiramment

o Entity Type - Thelogical name of atype or object that
can be graphically depicted on a map or drawing.

« Entity Types - Grouping or collection of like [tems
(entities) that appear graphically on a map or drawing.

e Grouped within each Entity Class.

e Each entity type has a corresponding attribute table (i.e.,
database table containing information concerning the
entity type).



Eﬁﬁé&?#ﬁhﬂﬂ SDSFIE Entities

for facitivies, infrastruct nd enviramment il

» |tems (features) which appear graphically on a
map or drawing. An Entity can be represented as
a
— Point - A single point representing the
geographical location of afeature.

—- String/Chain - A line.

— Boundary (G/GT Polygon) - The line string
which outlines the perimeter of an area.



CADD/GIS -«

o Taciltiies, Infrasecture ™ evironment

TECHNOLOGY . CENTER GIS Data Elements

e Point/Node 9

e String/Chain/Line/Arc N

e Boundary/Area/Polygon




CADD/GIS

TECHNOLOGY - CENTER SDSFIE Entities

for facilivies, infrastruce nd emiramment

* Representation:
- MGE (Intergraph): A single graphic feature.

— MicroStation (Bentley) & AutoCAD (Autodesk): on
individual levels and layers, respectively.

- ARC/INFO (ESRI): defined and available as a query
object using the discriminator attribute in the attribute
table.



TEI—?I\?&ESEY#EEMEH SDSFIE Entities
for facilities, infrastru nd environment

e The SDSFIE specifies.

— Line styles/types for boundary and string/chain entities.
- Leve/layer asssgnments for all entity feature types.

- Text size, font, and placement.

— Colors.

— Symbol libraries.



capp/cis o FMSFIE Entity Classes

TECHNOLOGY -~ CENTER

o Taciltiies, Infrasecture ™ evironment

FMSFIE Entity Classes- Grouping of related facility management
Attribute Tables (“nongraphic”) within an Entity Set. The FM Attribute Tables

provide data concerning events (e.g., inspections, repairs), and additional infor mation,
related to SDSFIE geospatial features and/or A/E/C CADD Objects.

=VIS=1= _
Attribute Table Attributes

SDSFIE, A/E/C CADD,
and other FM SFIE Joins
Attribute Tables




e e s SDSFIE & FMSFIE
fﬂ'fﬂﬂ"‘ﬂ-w'rﬂ'SWﬂMmHmnmt —1 ATTRIBUTE TABLES

* A relational database table containing non-graphic
Information, or attribute data.

« SDSFIE - A “Graphic” attribute table islinked to a graphic
entity, and contains data describing the graphic entity,
along with other data and relationships required for
geospatial and relational analysis.

« FMSFIE - A “Nongraphic” attribute table contains data
required for a“business process’, or function, along with
data and and relationships which may be queried for

geospatial and relational analysis.



» Database - A structured collection of
data items about a specific topic

v' Table - A group of similar records

* Primany Key i Eoreignl Key
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CADD/GIS

TECHNOLOGY - CENTER DOMAIN TABLES

for facilivies, infrastruce nd emiramment

e Containslists of permissible values for specific
attributes.

* Providesafinite set of “valid” or “alowable’
values, and may be enlarged as necessary.

e |ncludes units of measure, materials, methods,
dispositions, classes, status, phase, etc.



CADD/GIS
TECHNOLOGY - -CENTER

for facilities, lrrfm::ruﬂu?and Emviramment

JOIN RELATIONSHIPS
BETWEEN RDBMS TABLES

=7 Helationzhips

chares_id | chasam_id || datalink -] rn‘aeztzt?d_ld datalink
reta_id rneta_id sam_pt.id i SItlrp__ld
media_id media_id map_id o _u:lesig mal:'_l'#
chasarm_id hazsite_id meta_id Tere i "“Et?_"?'
hazsite_id instin_id media_id displ:l_stn 4 medla_.u:l
instln_id sam_pt_id coord_id I reg; - EDDrl_j_ld.
labcode s_date hazsite_id sitej:u:u: = haZSItE_—'d
parwal s _time instin_jd e B instin_id
pral_u_d daturn_elew hazproj_id et u.ser_FIag
parlabel_d elev _u_d user_Flag L sike_name
anadate datum_desc spt_d ST date_Found
repk_nurm s_depth Ikerade_d medﬁa i hrs_score
5_matrix_d e_depth Iprcode_d - ﬁag auth_d.
s _kbype_d depth_u_d oroeed estw;e q area_size
lokctinum s_matrix_d ey e a_rea_u_d
sam_pk_id s _kvpe_d locdesr SRSt sH:e._u:Iesu:
5_date Iokcklrum localias el F'EF!ITI
validate_d samclas_d locid = perirn_u_d
cas_num_d weather_d actdate rr.nedia_u:l
user_Flag sameqp_d Ioc_meth_d sibe_nurn
Facil_id sammek_d contret_id depth_w_at
parexpeck - presery_d wrk ord id Epﬁ_dESIQ
parprec rarrative pl:u::id - |atltlTIdE
patrt| user_Flag cond_d |l:ll'|l;|I|:L!l:|E
parun Facil_id dispostn_d nar.ra.twe
parwa_d aken_uar_d date_last FEIFIl_Id
precode_d amb_press e arid_wvalus
ga_flags_d amb_temp Facil id ot coord_x
resultseq apre_uon_d griu:l:'u'alue coord_y
mdl lgcontr_id coord_x coord_z —
epa_flaggs ablok el coord_y erstyp_d
EvEXD corid coord_z ersrec_d
EvIan coolerid owner_id erscat_d
evprec eblok sur_crs_id rernodel
Frvalexp Rd sampleseq =] rver_mie =] ;rts;;rrsneitid =
= -




wecHnoLoevsccevted . Example SDSFIE Structure

far facifivies, infraseru d emvirarment

ENTITY SET

ENVIRONMENTAL HAZARDS

ENTITY CLASS ENTITY TYPE

env_haz_building_env_concern . . .
- — — = environmental restoration site
— env_haz_characterization

environmental regulated facility site
—| superfund site

env_haz_hazmat_hazwaste

env_haz_sites potential concern site
env_haz_groundwater_pollution DoD formerly used defense site

Environmental Restoration Site - A geographic area
where an active environmental study or project is
underway to remediate pollutants located in the

soil, sediment, surface water, or groundwater.



CADD/GIS -

TECHNOLOGY - CENTER — Example Structure

for facifities, infrastru, nd enviramment
' ATTRIBUTES (fields)
— ENTITY TYPE = TABLE \_]: p—— —
—environmental restoration site [ ehsitirp .
sitirp_id
enwronmentfal regulated facility site meta id
superfund site .
site_name
potential concern site
: hrs score
DoD formerly used defense site Environmental Restoration Site +—
category
ENTITY
Irp point DOMAIN TABLE

Environmental restoration T——
site category

Irp boundary (polygon)

Irp centroid
Irp attribute DOMAIN
Irp text VALUE
IRP DoD Installation restoration program site
ER environmental restoration site
FUDS DoD formerly used defense program er site
SUPERFUND | Superfund er site

BRAC DoD base relocation & closure er site




Entity Set

| ENtItY Class

Characterization

Environmental

Hazards —
Entities
Sail
Entity Type Sediment
Fidd Sample Collection (I
Location Surface Water
Groundwater
Domains Alr
(inaDomain Table) Attribute Biologica
Borehole (in an Attribute Table)
Monitoring Wel| [~ | Solid
L ocation Category
Waste




.
TEI—?I\?&ESEYHEEMEH | Example SDSFIE Structure

for facilities, infrastru Ad emviramment
ENTITY TYPE
road centerline — ATTRIBUTE
. TABLE datalink
guardrail —
trvehrel cline id
road segment -
arking lot map id
P DOMAIN TABLE meta id
bridge\tunnel -
— d_rodtyp B coord id
curb = - -
instin id
road feature
category d
ENTITY (additional attributes) 4‘
—trveh primary road centerline a
trveh_primary_road_centerline |
—trveh_primary road centerline t
—trveh_secondary road centerline a
trveh_secondary road centerline |
—itrveh secondary road centerline t
—itrveh_tertiary_road_centerline_a DOMAIN VALUE
—{trveh tertiary road centerline | o primary
|__jtrveh_tertiary road_centerline t secondary
tertiary

DISCRIMINATOR



/ <> |
TECHNOLOGY <.~ CENTER GIS and Ma}p Deyelopment
- =u Considerations

e Accuracy of the data depends upon the source of the data
(e.g., physical surveys, aerial photography, scanned drawings,
GPS, etc.) and thetarget map plot scale. The higher the
accuracy, the higher the cost of data acquisition.

o All CADD files (which will beused for GIS & map
development) should be developed in actual (real world) size,
or scale.

« Thesameorigin, datum, and coor dinate system should be
used for all CADD files (which will beused for GIS & map
development) for a specific project or installation.



/ < > |
TECHNOLOGY - CENTER GIS & I\/Iap DeV_elopment
= Considerations

 Two general categories of target map plot scales:

- Small ScaleMaps. Includes mapswith plotted map scales of 1:62,500 or
1inch =5,208 feet or smaller. USGS quadrangle maps, €tc.

- Large ScaleMaps: Includes maps or drawingswith plotted map scales
greater than 1inch = 5,208 feet. Municipal, utility, master plans, base
comprehensive plans, construction drawings, etc.



TECHNOLOGY < ~CENTER GIS & Map Development
L Considerations

e Entities(i.e., features and objects) can be depicted
differently at different target map plot scales.

- For example, an Installation Program (IRP) Site would be depicted as a
point feature (with a symbol) on a small scale map. ThesamelIRP site
would be depicted asa boundary feature on alarge scale map with a
scale of 1 inch =100 feet.



GIS & Map Development
Considerations

DoD |nstallation NAVAL STATION - TREASURE ISLAND

1 1|
Restor atlon IR SITE 00014 IRP SITE 00004 A Y
Pr ogram (l RP) |RP SITE 00010 IRP SITE 00022 RP SITE 00019 LU
Sltes are . IRP SITE 00006 IRF SITE 00024 IRP SITE 00015 I';Er
depicted as point IRP SITE 00007 N IRP SITE 00011
features (with an 1 #p SITE 00017 (" P SITE 00009 1 P SITE 00021 ;" '
associated symbol) IRP SITE 00003 [
on this map. IRP SITE 00005 11, '\'%"mp SITE 00029
The same |RP Ste N\ ) AP STE 00001 | e IRP sTE 00027 | Ny
might be depicted RP SITE 00020 JEATT] -,
asaboundary :

(polygon) feature IRP SITE 00012 IRP SITE 00016

on alargescale
map with a scale of
1 inch = 100 feet.

L8y




TECHNOLOGY <~ CENTER Map Plot Scale and Geospatial

for facilities, infrastructure®and environment D ata

Transportation Example

Large Scale (TSSDS) Small Scale (FGDC Transportation Subcommittee)
<= 1:24000 >=1:24000
N
@
|:| Road Area |:| Driveway Area ) ° .
|:| Shoulder Area |:| Sidewalk Arca - Road Centerline Nodal Endpoint

Curb




CADD/GIS/FM Standards for Facilities, Infrastructure, & Environment (FIE)

Data Model
(Option 2 Concept for incorporation of “transactional” FMSFIE with SDSFIE & A/E/C Standards.
Development of FMSFIE Entity Sets began in Fiscal Year 2001)

A/E/C CADD Standards

SDSFIE FMSFIE Discipline Codes

Entity Sets Entity Sets

A/E/C Model File Type
SDSFIE Entity Classes FMSFIE Classes

A/E/C Level

SDSFIE Entity Types FMSFIE Subclasses A/EIC Level/Layer

Description

SDSFIE Entities A/E/C Symbol Name

SDSFIE Data Tables FMSFIE & A/E/C CADD
& Attributes Data Tables & Attributes

Domain Tables &
Domain Values

CADD/GIS/FM Standards Compliant Database = One I ntegrated Relational Database Structure




CADD/GIS - _
TECHNOLOGY - -CENTER
for facilivies, infrastru Ad efviramment -
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